Hand hygiene is a basic but effective strategy against infectious disease. This study investigated an ecological association between hand hygiene and tuberculosis (TB) risk in Korea. Hand hygiene data were obtained from the 2015 Community Health Survey. Information on TB incidence and mortality in 2015 were obtained from the National Infectious Diseases Surveillance System and death monitoring database, respectively. In multiple linear regression analysis, frequent hand washing rates after using the restroom (B = −0.78, P = .037), after returning from the outdoors (B = −0.28, P = .049), and with soap or hand sanitizer (B = −0.54, P = .018) were negatively associated with TB incidence. TB mortality were associated with frequent hand washing rates after returning from the outdoors (B = −0.05, P = .035), and with soap or hand sanitizer (B = −0.10, P = .010), respectively. Hand washing was associated with lower TB incidence and mortality at the community level. These results could contribute to develop community-based health promotion strategies.
Introduction
Tuberculosis (TB) was 1 of 5 leading causes of total years of life loss 1 and TB incidence was 7.5 million, prevalence was 11.9 million, and number of deaths were 1.4 million globally in 2013. 2 In 2015, 32 181 new TB cases (25 550 pulmonary and 6631 extrapulmonary TB) 3 and 2179 TB-related deaths (2019 pulmonary and 160 extrapulmonary TB) were reported in Korea.
Hand hygiene is a simple, low-cost, and important activity to prevent infectious disease transmission. 4, 5 Hand washing can reduce gastrointestinal and respiratory illness by 30% and 21%, respectively. 6, 7 Although evidence suggests that hand hygiene reduces some infectious diseases, the specific effect on TB is unclear.
Hand hygiene does not directly decrease TB due to the nature of pathogen transmission, but the World Health Organization recommends that hand hygiene is essential to control TB due to general infection control. 8 The Korea Centers for Disease Control and Prevention (KCDC), Ministry of Food and Drug Safety, and local governments conducted hand washing campaigns to improve awareness and compliance of hand washing in Korea. 9, 10 According to the 2014 National Handwashing Survey, 90.1% of adult respondents were aware that hand washing helps prevent infectious diseases. A total of 88.0% and 71.9% of adult respondents reported that they washed their hands "after bathroom use in home" and "before eating in home," respectively. Also, 88.0% and 78.1% washed their hands "after using public restrooms" and "when returning home," respectively. 10 However, it is unclear whether hand hygiene is associated with TB incidence and mortality in Korea. Investigating these questions is important to provide information to governments and policy makers so that they can develop and implement strategies for hand hygiene and TB control. The present study aimed to examine associations between hand hygiene and TB risks at the community level in Korea.
Methods

Hand Hygiene
Hand hygiene data were obtained from the 2015 Korea Community Health Survey (KCHS). There are 17 metropolitan cities and provinces with 254 communities in Korea. KCHS is a community-based cross-sectional survey of a community-representative sample of subjects older than 19 years that uses stratified multistage cluster sampling methods (about 900 people in each community). Various health information was collected by one-on-one interview, and the KCHS produced community level-health indexes. 11 Characteristics of participants in Community Heath Survey are in Supplementary Table 1 , available in the online version of the article.
Hand hygiene was assessed with 6 items: frequent hand washing before eating, after using the restroom, after returning from the outdoors, using soap or hand sanitizer, awareness of hand washing efficacy, and education experience of hand washing. Hand washing before eating, after using the restroom, and after returning from the outdoors was assessed with the following question for each situation: "How often did you wash your hands in the last week?" (always, often, sometimes, or rarely). Hand washing with soap or hand sanitizer was asked with the following question: "How often did you use soap or hand sanitizer when you usually wash your hands?" (always, often, sometimes, rarely, or never). Frequent hand washing of 4 items was defined as "always" or "often" responses. Awareness of hand washing efficacy was defined as "very helpful" or "helpful" responses with following question: "Is hand washing helpful to prevent infectious disease?" (very helpful, helpful, not helpful, or not helpful at all). Experience of education for hand washing was defined as a "yes" response to the following question: "Have you ever been educated on proper hand washing or seen the related promotional materials during the past year?"
Tuberculosis Incidence and Mortality
The KCDC operates the National Infectious Disease Surveillance System to monitor national disease incidence. 12 The numbers of TB incidence cases at the community level for 2015 were obtained from the Infectious Disease Surveillance Yearbook. 13 Only the overall number of TB cases were reported; there were no data on pulmonary and extrapulmonary TB. Therefore, the number of new TB cases in this study indicates total cases including both pulmonary and extrapulmonary TB.
TB mortality rates in 2015 were derived from the Korean Statistics Information Service (KOSIS) database. When death occurs, the family reports the death, and a medical certificate of death is issued by physicians to local offices 14 and collected by Statistics Korea. The causes of death in KOSIS data were classified according to codes from the International Classification of Diseases, 10th revision, clinical modification (ICD-10-CM). 14, 15 The number of TB deaths in this study only includes pulmonary TB cases because these are the data provided by the KOSIS database.
Data Analysis
Data were analyzed using Microsoft Excel 2007 (Microsoft Corp, Redmond, WA, USA) and SAS Version 9.3 (SAS Institute Inc, Cary, NC, USA). Hand hygiene rates were calculated based on complex sampling methods. The mid-year population (on July 1, 2015) based on the residents' registrations were used to calculate TB incidence and mortality. Correlations between hand hygiene and TB risk were analyzed with scatter plots and correlation coefficients. And multiple linear regression analyses were performed to access the associations between each hand hygiene practice and TB incidence/mortality after controlling several covariates. Model I was not adjusted for any variable. Model II was adjusted for the percent of male and the percent of those older than 65 years in community population. Model III was adjusted for model II variables and smoking, drinking, diabetes, unmet health care needs, food security rate, and unemployment rate. After excluding communities that did not match up in the database due to different statistical calculations, data from 239 and 243 communities were used to assess the associations between hand hygiene and TB incidence and mortality, respectively. Since the survey data used are publicly available, this study did not require the ethical approval of the institutional review board. The Chosun University Institutional Review Board waived the need for it.
Results
The reported hand washing rates before eating, after using the restroom, after returning from the outdoors, and with soap or hand sanitizer were 86.0%, 89.1%, 81.2%, and 77.0%, respectively. Almost all respondents (98.9%) were aware of the efficacy of hand washing, and 78.1% had received hand washing education (Table 1 ). In 2015, 32 181 new TB cases (63.2/100 000 persons) and 2019 TB deaths (4.0/100 000 persons) were reported. Among the 17 metropolitan cities and provinces, TB incidence was highest in Gangwon (89.2/100,000 persons), whereas TB mortality was greatest in Jeonnam (8.9/100 000 persons) ( Table 2) . Scatterplots revealed a negative association between frequent hand washing and TB incidence. Correlation coefficients between TB incidence and frequent hand washing before eating, after using the restroom, after returning from the outdoors, and with soap or hand sanitizer were -0.170 (P = .009), −0.580 (P < .001), −0.405 (P < .001), and −0.637 (P < .001), respectively. Awareness of hand washing efficacy (r = −0.154, P = .017) and hand washing education (r = −0.379, P < .001) were also negatively associated with TB incidence (Supplementary Figure 1 , available in the online version of the article). We observed similar correlations between hand hygiene and TB mortality. Correlation coefficients between TB mortality and frequent hand washing before eating, after using the restroom, after returning from the outdoors, and with soap or hand sanitizer were −0.115 (P = .073), −0.501 (P < .001), −0.419 (P < .001), and −0.608 (P < .001), respectively. Correlation coefficients between TB mortality and awareness of hand washing efficacy and hand washing education were −0.125 (P = .052) and −0.368 (P < .001), respectively (Supplementary Figure 2) .
Frequent hand washing before eating was negatively associated with TB incidence in model II (B = −0.98, P = .019). Frequent hand washing after using the restroom (B = −0.78, P = .037), after returning from the outdoors (B = −0.28, P = .049) and with soap or hand sanitizer (B = −0.54, P = .018) were negatively associated with TB incidence in model III, respectively. Frequent hand washing after returning from the outdoors (B = −0.05, P = .035) and with soap or hand sanitizer (B = −0.10, P = .010) were negatively associated with TB mortality in model III, respectively (Table 3) .
Discussion
TB is a major global health issue that is especially critical in Korea. Hand washing is a basic strategy for infection control. This study investigated the association between hand washing and TB risk at the community level in Korea. The proportion of frequent hand washing was high from 77.0% to 89.1%, and practicing hand washing was associated with decreased risk of TB incidence and lower mortality.
Our results are similar to those reported previously. Hand hygiene was noted to be effective against respiratory infections in the community setting. 7, 16 Hand hygiene education was beneficial, 7 but the effectiveness of hand hygiene interventions varies depending on the setting, context, and compliance. 16 In a health care setting, hand washing with alcohol was effective against TB, 17 and ethanol and chlorhexidine are also effective. 18 It is difficult to judge the direct effect of hand washing on TB transmission because TB cannot be transmitted by simply shaking hands or touching someone. Tuberculosis is spread by airborne transmission which is transmitted by deposition of droplet nuclei. 19 Good hand hygiene may be associated with other good hygiene practice and health behavior at personal or community level rather than preventing TB itself. Hand washing could indirectly influence TB transmission. First, hand washing might be associated with TB through other health behaviors. Recommended health behaviors were positively associated with each other in previous studies. The level of respiratory c Adjusted for the percent of male and the percent of those older than 65 years in community population, smoking rate, drinking rate, diabetes, unmet health care needs, food security, and unemployment rate.
hygiene/cough etiquette compliance was greater when daily hand washing frequency was high. 20 Wearing a face mask in public was associated with frequent hand washing. 21 Respiratory hygiene/ cough etiquette is one of the standard universal precautions for TB prevention. Subjects with good compliance of hand hygiene were more likely to have healthy behaviors such as abstaining from tobacco and alcohol, 22 and these behaviors were associated with decreased risks for TB incidence and mortality. 23 Second, hand washing prevents illnesses and the spread of infections to others. 24 Third, hand washing can reduce the need for antibiotics by preventing infectious diseases (eg, diarrhea and respiratory infections). 6, 16 Antibiotics are often overused and misused for these health problems. 25, 26 Inappropriate antibiotic use can facilitate the emergence of resistant bacteria, and antibiotic resistance is becoming a threat to treating infectious disease, including TB, around the world. 27 Good compliance is essential for hand hygiene to have a positive effect on health. Compliance with recommended hand hygiene might be situational; for example, it could be higher if a new infectious disease emerges or if a pandemic breaks out. 16 In 2015, an outbreak of Middle East respiratory syndrome (MERS) led to greater concern regarding infection with other respiratory diseases in Korea. 28 At that time, guidelines for preventing infection including hand hygiene were widely announced, and both awareness and compliance increased. 29, 30 Monitoring of hand hygiene should also be conducted in non-pandemic periods. Regular monitoring and investigation of hand washing persistency and barriers at the community level will help develop situationspecific strategies to promote hand hygiene in daily life.
Our study had limitations. The data were collected at the community level and are thus prone to ecological bias. However, a community-level study is a reasonable approach for designing local government policies and community campaigns for health promotion. Second, hand hygiene practice was assessed using self-reported methods. A previous study conducted in Korea reported discrepancy between reporting and observing hand hygiene practice. Since most Korean people know the importance and efficacy of hand hygiene for infection control, it is possible that they provided socially desirable responses. Further study is recommended to investigate hand hygiene practices, including observation or confirmation of hand hygiene with biologic examinations and investigating the barrier between reporting/awareness and practice.
Conclusion
Our results show that hand hygiene is related to a lower TB risk at the community level. Prospective studies that collect individual data are required to understand the precise association between hand hygiene and TB risk. And use of a facemask or cough etiquette has to be investigated to assess the association between personal hygiene and TB risk. Our results might contribute to new policies and the development of strategies for hand hygiene promotion and TB control.
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